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Porosity of resin cements and resin-modified glass-ionomers 
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ABSTRACT: e: TO quantify the internal free surface in various resin cements and glass-ionomer-based materials. 
Materials and Methods: Materials tested were Nexus fluid (NXF) and viscous (NXV), Vitremer (VTM), Fuji I1 LC 
(FII), Vitremer Luting Cement (VLC), Dyract (DYR) and Compoglass (COM). Samples (n=5) were made of each 
material between two microscopic glass slides under same weight. With a transmitted light microscopy, four zones of 
each sample were evaluated, finding the number of porosities per mm2 (NP), the average radius of porosities (RP), the 
ratio of total area of surface porosities ($) to area (mm2) of specimen surface (TA) and the ratio of total volume of 
porosities (p3) to area (mm2) of material surface (VP). Resu[ts: Median test was used. NP: NXV, NXF and DYR had 
smaller NP than VTM and FII and (likely) than VLC (P> 0.0000001). RP was smaller for DYR than for VLC and 
(likely) than for NXV (P= 0.00019). TA: NXV, NXF and DYR had smaller TA than VTM, FII and VLC ( P i  
0.0000001). VP: NXV and DYR had smaller VP than FII and (likely) than VTM and VLC (P< 0.0000001). (Am JDent 
2001;14: 17-21). 
CLINICAL SIGNIFICANCE: Though it has been demonstrated that the internal porosity is directly related with contraction 
stress, it has not been measured yet in clinical situations, nor its influence on other clinical parameters established. 
There were significant differences in the content of pores in the materials studied; the ratio of total area of porosities 
(pm') to area (d) of specimen surface (TA) was higher for resin-modified glass-ionomer materials (VTM, FII and 
VLC). The direct clinical relevance of these fmdings is unknown, although they highlight probable important 
consequences of the material's short- and long-tem behavior. 
CORRESPONDENCE: Dr. J O S ~  C. de la Macorra, Department of Operative Dentistry, Faculty of Odontology, 
Complutense University, 28040 Madrid, Spain. Fax. 33 (91) 394 1999. E-mail: macorra@eucmax.simucm.es 
Introduction 
Resin-based cements are widely used for the cementation of 
esthetic inlays, onlays and veneers.' These materials are a mix of 
monofunctional monomers with a variable amount (55-70% 
wlw) of iiUer having many possible sizes, forms and c o q o -  
sitions. Its amount is reduced in relation to restorative resins, in 
order to decrease viscosity and allow better adaptation of the 
rigid restoration to cavity.'.' Among its advantages are: color, 
adhesion to dental tissues and other materials, lesser solubility, 
improved mechanical characteristics and the possibility of light 
or dual cure?* But they have some disadvantages, such as their 
polymerization  ont traction.^ 
Resin-modified glass-ionomers are very popular materials 
due to their easy handling and acceptable tooth color 
matching, used as cements or as restorative materials. As 
resin is a part of the material, they also show polymerization 
contraction. Such curing contraction generates stress in the 
material, the tooth andlor the interfa~e,~ and if it is not 
properly resisted or counteracted will lead to a failure in the 
restoration. Some phenomena that help minimize this stress 
are: tooth deformation,' hygroscopic expansions and deforma- 
tion of the resin towards the adhesive surface(s) during the 
plastic stage of curing. This deformation, also hown  as 
"flow", is possible due to "free" or non-adhered surfaces: and 
allows the resin mass to adapt to the new volume. Degree of 
flow depends upon characteristics of the material, environ- 
ment and the relation of adhered to non-adhered surfaces. 
This ratio is also known as "configuration factor" (c),'~." and 
is defined by the formula C= adhered surfacelfree surface. 
To facilitate the flow and relaxation of tensions, the free 
surface should be as large as possible, always within clinical 
limitations. The free surface of a restoration is the sum of the 
free external surface (the one that is not in contact with any 
adhesive surface) and the free internal surface (the one created 
by the internal porosity of the material). While the amount of 
external free surface is determined by clinical requirements, in 
other words, by the cavity configuration, and is quickly 
blocked by light curing,'' the free intemal surface is not 
limited by the configuration of the space that accommodates 
the material; it is uniformly diskibuted along the mass of the 
cement and is blocked later because of its distance from the 
light. Besides, because of the presence of oxygen in the 
porosities, their effective diameter is larger, as the curing of 
the most intemal layer will be inhibited. In this way, the 
intemal free surface would help in reducing stress by 
increasing flow in the initial critical stages. 
These ideas were proposed by Alster et all3 when they 
used experimental resins with different amounts of artificial 
porosities, determining the area that the porosities each took 
in mm3 of resin, and studying the relation between porosity 
and stress. They concluded that there was a direct relation be- 
tween the area of porosities and the stress during polymeri- 
zation; therefore the presence of such porosities is beneficial 
for stress reduction. 
However, it is also important to note that porosities 
probably deteriorate the mechanical properties, lowers the 
fatigue resistance of the material, accelerates the wear, facili- 
tates superficial discoloration and causes gingival inflamma- 
tion via plaque acc~mula t ion . '~~ '~  
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Table 1. Materials used. 
Material Abbreviation 
Nexus' (fluid and viscous) NX (F & V) 
viaem& VTM 
Fuji U LC' FU 
Vitremer Luting Cementb VLC 
%actd DYR 
Campoglass' COM 
The porosities present in some materials, namely resin 
cements and resin-modified glass-ionomers restorative materi- 
als and cements, were identified and compared. 
Materials and Methods 
Specimen preparation - One resin cement in its two 
viscosities and five materials (restorative and luting) based on 
glass-ionomer and resin were used in the study (Table 1): 
Following the manufacturers' instructions carefully, one 
operator prepared five samples of each material and placed 
them over microscopic glass slides. A glass microscopic 
cover was placed over each, under a constant weight of 1 Kg. 
When needed, curing was carried out with a lamp 
(Translw CL? at a distance of 0 mm (in contact with the 
glass cover) during the time specified by the manufacturer. 
With a transmitted light microscope (Laborlw D4, a camerag 
with Ektachrome looh ASA film, a histologic calibratolg (10 
pm each interval) and a blue filter ((2-129, four rectangular 
micro-photographic slides (three peripheral and one central) 
of each sample were obtained (Fig. 1). This distribution was 
used because in preliminary laboratory work, different 
degrees of porosity between peripheral and central areas were 
detected. Areas 1 to 3 were separated 120' from each other 
and as close to outer bonds of specimen disk as possible. Area 
4 was central. Slides were projected, and the number and 
diameter of all porosities for each sample were hand counted 
and measured. 
Parameters studied - Parameters to be studied were the 
number of porosities per nun2 of surface of material (NP), the 
average radius (jm) of porosities (RP), the ratio of total area 
of surface of porosities @m2) to area (mm2) of specimen 
surface (TA) and the ratio of total volume of porosities @m3) 
to area (mm2) of specimen surface (VP). 
Data analysis - Normality (Shapiro-Wilk) and homogeneity 
of variance (Levene) tests were applied to all parameters 
because both assumptions (normality and homocedasticity) 
are critical if data are to he explored with parametric tests. 
Distribution ofporosities infields studied in same materials - 
The Kruskal-Wallis test was applied on all materials to 
determine porosity distribution within the same specimen. 
Comparison between materials - Because not all data fol- 
lowed a normal distribution and the Levene homocedasticity 
test determined that variance differed significantly between 
groups, median tests were applied to determine any statis- 
tically significant difference in the distribution of data around 
the general medians of all four parameters. 
Fig. 1. Vitremer sample (~100). 
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Fig. 2. Number of porositiesimm2 of materials' surface (NP) 
Results 
Parameters studied - Results are shown in Table 2 and Fig. 2 
(NP), Fig. 3 (RP), Fig 4 (TA) and Fig. 5 (VP). In all figures, 
the general median of pooled data is shown for reference. 
Data analysis - Levene's test for homogeneity of variance 
showed that, in all parameters, the variance differed 
significantly (P< 0.0001) between groups. Shapiro-Wilk's 
normality tests showed that some materials' data did not 
follow normal distributions (Table 3). 
Distribution of porosities in fields studied - Kruskal-Wallis 
nonparametric tests showed that only in FII material was there 
a statistically significant difference (P= 0.02) in the parameter 
shdied among fields of the same specimen. 
Comparison between materials - Results of median tests are 
shown in Table 4. For all parameters, distribution of data of 
different materials was not symmetric for both sides of the 
median. Significance is P= 0.00019 for RP and P< 0.0000001 
for all other parameters. 
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Table 2. Test results. 
m ( w )  NP TA (p2imm2) ( ~ 1 0 ~ )  v ~ ( ~ ~ t t n m ~ )  ( ~ 1 0 3
m md min max m md min max m md min man m md min max 
COM 
DYR 
FII 
NXF 
NXV 
VLC 
VTM 
- p~ 
m: mean, md: median, min: minimum values, max: maximum value. 
T A 
I I I I 
~ i g .  5. Ratio of total volume ( p 3 )  of porosities m area (tnml) of surface of Fig. 6. Percentage of values for each material that is at both sides of the 
specimen (VP). general median in the median test. 
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Fig. 3. Average radius ( p )  of porosities (W). 
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Table 3. Results of Shapiro-Wilk normality tests for all parameters. Table 4. Results of median test for all parameters 
Material RP NP T A VP 
Significance 
COM 0.235 0.010* 0.010* 0.010* 
DYR 0.010' 0.010* 0.010* 0.010* 
Fn 0.251 0.017* 0.742 0.515 
NXF 0.010' 0.124 0.020' 0.010' 
NXV 0.010* 0.042* 0.010' 0.010' 
VLC 0.230 0.436 0.018' 0.010' 
VTM 0.772 0.021' 0.675 0.737 
'differs significantly from normal distribution. 
NP = number of  porosities per mmi' Re = the average radius of porosities.; 
TA = the ratio of total area of surface porosities (pm') to area (mm2) of 
specimen surface; VP = the ratio of total volume of porosities (pm3) to area 
(mm2) of material surface. 
These tests determined the difference in the distribution of 
data around the median, but did not discriminate which 
material was different from the others. The only way to locate 
differences was exploring the percentage of data of each 
material that was on both sides of the general median. 
Difference is statistically significant for both extremes of 
values (i.e. comparing NXF: 100% of cases were smaller than 
general median; with VTM, no cases were smaller than 
general median; in Fig. 6, graph corresponds to NP). 
When comparing materials with values other than 
extremes, the difference was likely, especially considering the 
small P values found for all parameters. 
Number of porosities per mm2 of surface of material (NP) - 
From the results in Fig. 6, it is clear that NXV, NXF and DYR 
had smaller NP than VTM and FII and (likely) than VLC (PC 
0.000000l). 
Average radius ofporosities (RPJ - RP was smaller for DYR 
than for VLC and (likely) than for NXV (P= 0.00019). Ratio 
of total area of porosities @m2) to area (d) of surface of 
material (TA). NXV, NXF and DYR had smaller TA than 
VTM, FII and VLC (P< 0.0000001). 
Ratio of total volume (pn? to area (mm? of surIface of 
material - (VP) NXV and DYR had smaller VP than FII and 
(likely) than VTM and VLC (P< 0.0000001). 
Discussion 
Preparation of specimens - Specimen disks were prepared 
with a constant weight (1 Kg), thus obtaining different thick- 
nesses. This is the reason the parameters selected referred to 
area of specimen surface, instead of referring it to volume. As 
we used an optical surface method, only surface bubbles were 
measured. 
Distribution of parameter in different fields of specimens - 
There was only one material (FII) with a significant difference 
in distribution of bubbles between the different fields of each 
specimen. We are not sure of the relevance of this single 
h d i i g ,  but found that the porosities were generally 
distributed uniformly on the surface of the materials. 
Comparison between materials - Median test is a 
nonparametric test with a low power. It can only detect if data 
of each material distributes uniformly (or not) around the 
Median 10.79 24.35 163110.61 40256.76 
X' 26.4 112.4 90.4 113.2 
d.f. 6 
Significance 0.00019 <0.0000001 <0.0000001 <O.WW001 
X': Chi-square statistic, d.f.: degrees of freedom. 
general median. Unfortunately, the only way to discriminate 
between materials is to observe the median percentage 
distribution. 
From the present results it can be stated that RP  was 
smaller for DYR than for VLC and (likely) than for NXV 
(P=0.00019). DYR had a mean RP of 1.4 pm (range 0 to 
11.7) and VLC of 12.6 (9.8 to 16.9). This means that both 
values were within the visible range but the one for VLC will 
probably have higher detrimental esthetic effect. NXV, NXF 
and DYR had smaller NP than VTM and FII and (likely) than 
VLC (P< 0.0000001). Tlns will had an effect on TA: NXV, 
NXF and DYR bad smaller TA than VTM, FII and VLC (P< 
0.0000001), and on VP: NXV and DYR had smaller VP than 
FII and (likely) than VTM and VLC (P< 0.0000001). 
Both these parameters (TA and VP) are i m p o m  in 
predicting the behavior of materials during polymerization 
contraction. From this standpoint, NXV, NXF and DYR may 
have less stress relieving characteristics than VTM, FIl and VLC. 
In this study measures were canied out when the materials 
had set. This should cause somewhat hgher results, because 
porosities would have dilated already, and the measurements 
reflected an intemal free surface slightly higher than the one 
prior to curing. It is possible that differences must be constant 
before and after polymerization. 
To interpret these results visually, it has to be considered 
that our data showed the area of porosities related to the 
surface area considering the whole surface of the spheres. In 
this way, a material such as Vitremer showed a mean rate of 
243.4 x lo3 pm2 of surface of porosities/mn? of cement. This 
means that a squared mm of material will not show 0.24 mm2 
occupied by porosities, but 0.061 (Fig. 1). 
The results about the intemal free area are different than 
the ones reported by Alster et al,l\robably because the 
materials we used were different from theirs. In addition, 
using a higher magnification may have enabled better detec- 
tion and measurement of submicroscopic porosities. 
We are not aware of any study on the most convenient, if 
any, free internal area of a real cementation material in order 
to prevent the establishment of curing stress, without detect- 
able secondiuy effects on mechanical (strength, resistance to 
wear) or esthetic behavior. Therefore, further studies in this 
are needed. 
a. Ken, Orange, CA, USA. 
b. 3M, St. Paul, MN, USA. 
c. GC. Tokvo. laoan. 
f. Hereaus Kulzer, Hanau, Germany. 
g. Leitz Wefzlar, Germany. 
h. Eashmn Kodak, Rochester, NY, USA 
i. Kenco, Hmg Kmg, China. 
~ m e t i ~ ~ o  JD-I of~entiatry, VQI. 14, NO. I ,  ~~b-, 2001 Porosity of resin cements 21 
Dr. Miguel is a reseamher; Dr. De la ~ a c o r r a  is Staff professor; ~ r .  ~ e v a d o  7. Dietschi D, Magne P, Holz J. An in vitro sbdy of parameters related to 
is Assistant Professor: and Dr. G6mez is Assistant Professor. Deoarhnent of marginal and internal seal of bonded restorations. Quintessence Int 1987; 
. . 
Operative Dentishy, Faculty of Odontology, Complvtense Univetsity, 
Madrid, Spain. 
References 
1. Inokoshi S, Willem G, Van Meerbeek B et nl. Dualsure luting 
comoosites. Part I. Filler oarticle distribution. J Oral Rehabil 1993: 
~~~~~ = ~ - ~  ~~ ~ ~ . 
29:133-146. 
2. Jacobsen PH, Rees JS. Luting agents for ceramic and polymeric inlays 
and onlays. IntDeni J 1992; 42:145-149. 
3. Albm HF. Indirect bonded restoration supplement. In: Albers HF 
Bonded tooth colored restoratives. Ed. Alto Books-Santa Rosa, 1989. 
4. Larnbrechts P, Inokoshi S, Van Meerbeek P et al. Classification and 
potential of composite luting materials. State o/ the on of the Ceree- 
method. Abstracts of International Symposium on computer restoration. 
Ed: Quintessenz. Verlag-Gmbh. Berlin, 1991 
5. Rueggeberg FA, Caughman WF. Toe influence of light exposure on 
polymerization of dual-cure resin cements. Oper Dent 1993; 18:48-55. 
6. Rees JS, Jacobsen PH. Stress generated by luting resins during 
cementation of composite and ceramic inlays. J Oral Rehabil 1992; 
19:115-122. 
24:281-291. 
8. Segura A, Danly KI, Croll TP. The effect of polymerization shrinkage 
during veneer placement. Quintessence fnt 1992; 23:629-632. 
9. Davidson CL, De Gee AJ. Relaxation of polymerization conuaction 
stress by flow on dental composites. JDent Res 1984; 63:146-148. 
10. Davidsan CL. Resisting the curing conuaction with adhesive composites. 
JProsthet Denr 1986: 55:446-447. 
11. Feilzer AJ, De Gee b, Davidson CL. Setting stress in composite resin in 
relation to configuration of the restoration. JDent Res 1987; 661636- 
1 h?Q 
12. Zuelling-Singer R, Krejci 1, Lutz F. Effects of cement-curing modes on 
dentin bondingof inlays. JDent Res 1992; 71:1842-1846. 
13. Alster D, Feilrer Al, De Gee AJ, et 01. The dependence of shrinkage 
sh.ess reduction an porosity concentration in thin resin layers. JDent Res 
1992;71:1619-1622. 
14. lronside JG, Makinson OF. Restauracianes de resina: causas de 
porosidades. Quintessence (Spanish ed.) 1995; 8:501-507. 
15, J6rgensen KD, Hisamitsu H. Porosity in microfill restorative composites 
cured by visible light. Scand JDent Res 1983; 91:396-405. 
16. Reinhardt JW, Denehy GE, Jordan RD, et al. Porosity in campositeresin 
restorations. Ope? Denr 1982; 7:82-85. 
